Introduction
Recently, the controlled/'living' polymerizations such as copper catalyst mediated atom transfer radical polymerization (ATRP) have been utilized for the synthesis of well-defined, narrow polydispersity polymers [1] [2] [3] [4] .
In the general mechanism for ATRP, the radicals or active species, are generated through a reversible redox process catalyzed by a transition metal complex which undergoes a one electron oxidation with concomitant abstraction of a halogen atom, X, from a dormant species, R-X as shown in the scheme [5] . Poly(dihalophenylene oxide)s are polyethers having aromatic groups connected by an oxygen linkage at the backbone [6] . They can be linear or branched, amorphous or crystalline and have high or low molecular weight depending on the type and position of the substituent on the starting phenol. The original synthesis of poly(dihalophenylene oxide)s was achieved by Hunter in 1916 by the ethyl iodideinduced decomposition of anhydrous silver 2,4,6 trihalophenoxide [7] .
In 1981, Harrod et all. made an assumption that ortho substitution by trihalophenoxyl groups and chain extension to poly(phenylene oxide) proceed by competing and independent mechanism [8] . In situ ESR studies revealed a singlet with g value of 2,0026, very close to the g value of the free electron. The pH of the electrolysis solution was also monitored and no important change was observed during the electrolysis. These observations suggest a free radical mechanism rather than ionic mechanism [9] .
The polymerizations of halogenated phenols from transition and inner transition metal complexes with various amine ligands have been studied and various decomposition techniques, electroinitiation in solution [10] , thermal decomposition in solid state [11] , or in solution [12] were employed for the decomposition of complexes. The suggested reaction is:
X is the substituent halogen, L is the ligand and M is the metal.
Investigations on the effect of type of the metal and its charge, type of neutral ligand of the complex on structure, molecular weight and percent conversion of the poly(dihalophenylene oxide)s were carried out as a part of a broader study of trihalophenol atom transfer rearrangement radical polymerization in the present work.
Results and discussion
FTIR spectra of the complexes (C1, C2, C3 and C4) (Fig. 1a (C=C ring stretching); 3000-3100 cm -1 (aromatic C-H stretching of amine ligand; 1250-1350 cm -1 (C-N stretching of amine ligands). The coordination of water is characterized by the absorption peaks between 3550-3200 cm -1 (anti-symmetric and symmetric OH stretching) and at 1630-1600 cm -1 (HOH bending) [13] . Fujita et al. assigned the band at 880-650 cm -1 of inorganic salts to the rocking mode of coordinated water.
Electronic absorption spectra of C1 and C2 were characterized by an intense absorption at 273 nm (ε= 7920) ( Table 1 , Fig. 2a and b) . As in the case for Fe(III)-phenolate compounds and proteins (Fe-tyrosine proteins), the electronic spectra are dominated by intense charge-transfer bands [14] . Electronic spectra of C3 was characterized by intense absorption at 272 nm (ε= 48200). Since the band of this complex lies in the ultraviolet region it can be assigned as charge transfer transition. As a result of the electronic configuration of Ce (IV) [Xe], analysis of d-d or f-f transition which lie in visible region is not possible. C4 was characterized by intense absorption at 273 nm (∈= 22360) and the weak band at 563 nm (ε= 1040). This weak band may be assigned as f-f transition, because cerium in this complex has Oxidation State equal to 3 (f 1 ).
Magnetic data (Table 1) for C1 and C2 show that they are paramagnetic (n ≈5) which correspond to d 5 high spin octahedral. The magnetic data revealed that C3 is diamagnetic which is consistent with the oxidation state of Ce (IV). The magnetic data of C4 show paramagnetic property with n is equal to 1. This is consistent with the elemental analysis data of the complex indicating that Cerium oxidation state equal to 3. In the DSC thermogram of C1, a sharp exothermic peak at 108 o C and weak peak at 291 o C (Fig. 3a) was observed. The exothermic peaks can be attributed to the new bond formation during polymerization. In the case of C2 (Fig. 3b) , C3 ( Thermal decomposition of the complexes in solid state results in a weight loss of the initial complex due to the formation of gaseous products during the polymerization. Complexes were subjected to mass spectroscopy to investigate the origin of the gaseous products. Results implied that mainly trihalogenated phenols and to some extend amine ligands were lost during the thermal decomposition (Tables 2 and 3 FTIR spectra of the polymers (P1, P2, P3 and P4) were characterized by peaks 1380-1610 cm -1 (C=C stretchings); 1030-1245 cm -1 (C-O-C stretchings); 820-850 cm -1 (out of plane C-H bendings); 700-770 cm -1 (C-Cl and C-Br absorptions) (Fig. 4a,  b, c and d) . 1 H-NMR spectra of polymers are quite similar in pattern except the relative intensities of two main peaks. Thus The 1 H-NMR spectrum of P1, P2, P3 and P4 were characterized by the small peak at 6.8 ppm due to protons of 2,6-dihalo-1,4-phenylene oxide (1,4-addition) and the intense peak at 7.3 ppm due to protons of 2,4-dihalo-1,6-phenylene oxide unit ( 1,2 addition) and the broader peaks at higher field due to the presence of 1,2 and 1,4-additon on the same monomeric unit. Thus all the polymers has branched structure (Fig. 5a, b, c and d) . Polymer synthesis from C1 was studied in the range of 140 o -250 o C . It was observed that, as the temperature increased, %conversion also increased and reached a maximum value of 19.4% at 190 o C, followed by a decrease to 14.6%. There was a slight increase in %weight loss as the temperature increased. In the DSC thermogram of C1, third last exothermic peak appeared below 195 o C, which corresponded, to the decrease in the percent conversion. When the complex was exposed to a longer time, %conversion decreased up to 24 hr, and then it remained constant due to the high weight loss (Fig. 6) . Bulk decomposition of C4 leads to polymer formation at 170 o C. According to the lowest decomposition temperature, Cerium complexes which were prepared in water (C3) had lower decomposition temperatures (140 o C); being less stable than that of complexes prepared in methanol (C4). Maximum conversion value of 7.8% achieved around 200 o C. As the temperature increased, percent conversion increased up to this temperature and then slightly decreased. This increase in %conversion was in the region where exothermic peaks appeared in the DSC thermogram, supporting the assignment of these peaks due to the polymer formation. The time effect on %conversion at high decomposition temperature lead to a slight decrease in %conversion (Fig. 6) , where in each case a slight increase in %weight loss with time was also observed. First thermal decomposition of C3 (tribromophenolato complex with NMIz) was achieved at 100 o C. C3 decomposed more readily than that of TCP analogous (C2) and give a higher %conversion at the same temperature. Hence, both the phenol and N-ligand had an effect on the thermal stability of the complexes. However, C3 had higher stability compared to C1 (trichlorophenolato complex with Py). Although %weight loss increased gradually as the decomposition temperature increased, sharp increase observed in %conversion of C3 up to 140 o C followed by a smooth increase up to 240 o C where maximum conversion value of 32.5% was achieved.
Maximum % conversion was observed at 200°C as about 1.10 % for C1 and at 220°C as about 3.15 % for C2, and then there is a slight decrease in % conversion as the temperature increase. When the complex was exposed to a longer time, %conversion increased up to 9 hr, and then it decreased due to the high weight loss (Fig. 7) . It was observed that, as the temperature increased, percent conversion also increased and reached a maximum value of 28.36% at 250 o C for C3 and 7.80% at 200 o C for C4 (Fig. 6 ), followed by a decrease. As the temperature was kept constant at maximum conversion temperature and time varied, it was observed that, as time increases percent conversion increased gradually. In all sets, polymerization proceeds with percent weight loss increasing as the temperature and the time are increased. Mass spectroscopy presents that the weight loss is mainly due to the evaporation of phenol. Percent conversion was very low which indicates the high stability of the complex.
Among the synthesized polymers, lower percent conversion values observed for polymers synthesized from Fe(III) complexes compared to polymers synthesized from Ce(IV) complexes. As a result, intrinsic viscosity of P1 and P2 was not measured. Intrinsic viscosity of the P3 decreased as temperature increased (Fig. 8 , Table 4 ). Time variation at 250 o C caused intrinsic viscosity to increase slightly first, then decrease. A slight decrease was observed in the intrinsic viscosity values of the P4 as the decomposition temperature increase at 3 hours. Time variation did not have any effect on intrinsic viscosity (Fig. 9) .
The glass transition temperature of the polymers are quite high indicating that they are rigid polymers (162, 174, 187 and 170 o C respectively). 
Experimental part

Synthesis of Complexes
Iron ( 
Characterization of Complexes
The complexes were characterized by elemental analyses using Leco 932 CHNSO elemental analyzer with the oxidation furnace at 1020 o C, the column oven at 65 o C, the filament temperature at 190 o C, a flow rate of helium gas of 120 cm 3 /min and of oxygen gas of 80 cm 3 /min and acetonitrile as standard. The elemental analysis results have a experimental error of ± 0.3 (Table 4 ).
The structural analysis of cerium complexes were caried out by FTIR spectroscopy by using Mattson 1000 model FTIR spectrometer in the 4000-400 cm -1 region by dispersing the sample in KBr discs. Mass spectroscopy data of the complexes were determined by using LC-MC Platform II Micromass UK (Electron Impact) mass spectrometer with personal computer control of the MS acquisition and analysis, recorded up to 445 o C.
Tab. 4. Elemental Analysis results of the complexes.
Compound
Sherwood Scientific Magnetic Susceptibility Balance (Model No MK I) was used to measure magnetic susceptibilities of the complexes at room temperature and magnetic moments (μ eff ) were calculated in Bohr magneton.
Electronic spectra (UV-Vis) were recorded for 10 -4 mol dm -3 copper complexes and 10 -3 mol dm -3 cobalt complexes in toluene by Hewlett Packard 8452 A diode array spectrophotometer. Diffuse reflectance Spectra (DRS) of copper complexes were taken as the solid complex dispersed in sample holder by Perkin Elmer 330 Spectrometer using MgO as the reference.
Synthesis of Polymers
The decomposition of 3-g batches of complex was performed in a glass holder (4 cm in diameter with 3.5 cm height) inserted in Stuart scientific-type oven at constant temperature. The decomposed complex was dissolved in toluene and the insoluble by product L 2 CeX n or L 2 FeX n was removed by filtration. The polymer was precipitated by the addition of toluene solution to ethanol containing few drops of concentrated HCl. The precipitated polymer was recovered by filtration and dried to constant weight under vacuum. %Conversion and weight loss were calculated for each set as follows:
Weight of the polymeric product % Conversion = ______________________________________________ x 100
Initial weight of the complex Initial weight of complex -weight of decomposed complex % Weight Loss= __________________________________________________________________________ x 100
Initial weight of the complex
Characterization of Polymers
FTIR spectra were recorded on a Mattson 1000 model FTIR spectrometer in the 4000-400 cm -1 region by dispersing the sample in KBr discs. Nuclear magnetic resonance ( 1 H-NMR and 13 C-NMR) spectra of polymeric samples were taken from deuterated chloroform by using Bruker GmbH DPX, 400 MHz high performance FT-NMR spectrometer. Glass transition temperatures, T g, of polymers were determined by using Du Pont Thermal Analyst 2000 DSC 910S Differential Scanning Calorimeter with a scanning rate of 10 °C/min for 10 mg sample under nitrogen atmosphere. Intrinsic viscosities of toluene solutions of polymers (10 dl/g) at 30°C were determined by Schott Geräte AVS400 model automatic viscometer equipped with Schott Geräte CT 1150 model thermostat.
